Rationale: High take-off of the coronary arteries is a rare cardiac anatomic anomaly, which may occur independently or with other congenital heart defects. In the clinical setting, it is noteworthy as a cause of sudden cardiac death. Further, it is vital to identify such anomalies to avoid intraoperative catastrophes in surgeries for congenital heart defects.
Introduction
A high take-off right coronary artery (RCA) not arising from the right sinus of Valsalva is rare. The main concern with a high take-off RCA is decreased coronary perfusion. This can lead to myocardial ischemia, which is usually more pronounced during physical exertion. In children, symptoms are often insidious and present as incidental findings on imaging modalities or during cardiac surgery for another indication. Surgery may be considered in symptomatic patients. In cases in which a high take-off RCA is found incidentally, care should be taken to avoid clamping or occluding the coronary artery during interventional therapy or surgery.
Herein, we report the case of a 9-year-old boy with a high takeoff RCA in association with a secundum atrial septal defect. The anomalous take-off of the RCA was incidentally discovered during surgery. A postoperative echocardiogram confirmed the presence of the anomaly and revealed a normal left coronary artery anatomy.
Case presentation
A 9-year-old boy was admitted to our hospital for a secundum atrial septal defect repair. Generally, the boy was asymptomatic. It was not until 1 month before the procedure that a II/6 systolic heart murmur at the left sternal border at intercostal spaces 2-4 was found. A fixed S2 split was also found on physical examination. Echocardiography confirmed the diagnosis. Ethics approval and consent to participate for this retrospective clinical case report were waived by the ethics committee of our institution.
In the operating theater, a band-like ( Fig. 1 ) bulge, which coursed downwards from high within the ascending aorta to the point where the RCA was expected to originate, was found.
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Distal to that was a normal RCA route and distribution. As there was no intraoperative echocardiography for a "simple" case as in this study, this associated anomaly could not be diagnosed clearly. The surgeons suspected that this anomaly was a high take-off RCA and avoided cross-clamping the "band" by cannulating the arterial cannula immediately proximal to the take-off of the innominate artery to allow application of the aortic cross-clamp just above the level of the "band." Cardiac arrest was achieved uneventfully with cold crystalloid cardioplegia. The electrocardiogram showed no ST segment or T wave changes throughout the surgery. The defect was routinely repaired using an autologous pericardium patch with continuous running sutures. Cardiac function was restored after releasing the aortic cross-clamp, with no evidence of ischemic insults.
The postoperative course was uneventful, and the patient was discharged on postoperative day 5. Postoperative echocardiogram confirmed the high take-off of the RCA with a partial intramural course (Fig. 2) . The distance between the origin of the RCA and the aortic annulus was measured using echocardiography at 2 cm. The Doppler showed an acute-angled flow immediately after the orifice of the RCA (Fig. 3) . However, the left coronary artery was shown to have a normal take-off height (Fig. 4) .
Discussion
An anomalous origin and high take-off of the RCA are uncommon. The reported incidence is 0.019% to 0.17%. [1] Often, it is only found during the course of surgery or autopsy. [2] [3] [4] In adolescents and adults, the main concern with a high take-off of the RCA is decreased coronary perfusion, which could cause myocardial ischemia and angina, syncope, or sudden death even in 
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Medicine the absence of atherosclerosis. The symptoms associated are typically more pronounced with physical exertion. [2, [4] [5] [6] [7] In children, this anomaly is usually insidious and presents as an incidental finding in imaging modalities or during cardiac surgery.
The sites and courses of the anomalous RCA suggest the relative risk that it carries. [8, 9] If it courses between the aorta and the right ventricular outflow tract, it is likely to lead to ischemia or infarction due to compression of the artery. [8] The long course of the RCA, originating from the tubular portion of the aorta, creates an acute angle at the origin. In addition, the ostium may sometimes have a slit-like shape. Both anomalies are clinically significant and may impair myocardial perfusion.
A high take-off RCA also has implications for surgical procedures. While performing a procedure on a patient with such an anomaly, the anatomical variation increases the technical challenges, such as the unsuccessful induction of cardiac arrest by cardioplegia. [1] There is also the risk of unexpected injury to the anomalous RCA.
For symptomatic patients, the anomaly can be corrected surgically using a saphenous vein graft or reimplantation of the RCA into the correct sinus in adults. In pediatric patients, an isolated high take-off RCA is rarely symptomatic. Usually, it is found during preoperative workups for associated congenital heart defect correction or during the surgery. In our case, we did not surgically treat the high take-off. Close attention should be paid to the patient, and regular follow-up is warranted.
As mentioned above, high take-off RCAs are rare, as they are easily misdiagnosed or completely missed. Some authors suggest performing multi-detector computed tomography (MDCT) for accurate diagnosis, especially in adult patients. [10] However, for a pediatric patient who presents with no symptoms related to high take-off RCAs, the adverse effects of radiation exposure outweigh the benefits of MDCT in this setting. In this case, although it was missed preoperatively under echocardiogram, we showed that it was feasible to demonstrate the origin and course of an anomalous coronary artery under echocardiography. Use of the correct settings and a thorough understanding of the associated ultrasound physics are crucial for obtaining quality images. [11] We suggest that in a pediatric hospital staffed with cardiologists or sonographers with sufficient experience in congenital cardiac defects, it is feasible to use this modality to assess the coronary anatomy. Other congenital conditions such as transposition of the great arteries and anomalous left coronary artery from the pulmonary artery could also be identified. However, this demands sonographers to be experienced and meticulous. If there is a high index of suspicion of an anomaly, MDCT may then be considered for further verification. In conclusion, the anatomy of the coronary arteries should be thoroughly evaluated before cardiac surgery or interventional therapy, especially in pediatric cases. Care should be taken in congenital heart surgery with regard to the origin of the RCA. Negligence or missed diagnosis may result in injury or occlusion of the RCA.
